INTRODUCTION
Leishmaniasis, a disease of tropical and subtropical areas results from the invasion by intracellular protozoan parasites of the genus Leishmania. The parasite is dimorphic -the flagelated form, the promastigotes live in the digestive tract of the vector, the blood sucking phelbotomine sandfly while the non-flagelated form, the amastigotes survive in the macrophage of the susceptible vertibrate host. Clinical disease results from the multiplication of amastigotes within the macrophage. Out of four clinical forms of the disease the visceral leishmaniasis is the most lethal and this is caused by Leishmania donovanL Measures for combating leishmaniasis although multifaceted, have met with a limited success. Sodium stilbogluconate and meglubine antimoniate are used as drug of choice for treating leishmaniasis in humans. The success of these drugs is handicapped by various limitations. Eventually process of newer drug development is still continuing. The drug metabolizing enzymes, cytochrome P4~o(phase I enzyme) and glutathione S-transferase (GST, phase II enzyme) play important role in drug development and management of residual drug. Evidently impairment of these enzymes will have serious effect on the infected host. Due to our continued interest on structure, function of cytochrome P450 in microorganism, the role of this enzyme was studied in host-parasite interaction during leishmaniasis. The results of experiments on impairment of cytochrome P45o and induction of nitric oxide synthase in the infected host during leishmaniasis are described.
MATERIALS AND METHODS
The experiments were done on a group of Nitric oxide synthase age and sex matched hamsters supplied by Organon Research Centre, Ganganagar, West Bengal. The strain of Leishmania donovani 2302 were used for infection.
Culture of Parasites
The flagellate promastigotes maintained on N N N was prepared by mixing the components (NaCI 9 g, gentamycin 50pg/ml, distilled H20 1L, pH 7.2-7.4) and the mixture was dispensed (3.75 ml) in test tubes which later received individually 1.25 ml of defibrinated whole rabbit blood. For large scale production promastigotes L. donovani were grown in enriched brain heart infusion (BHI) medium (Brain heart infusion 3.75%, peptone 1%, glucose 2%, agar 2%, normal rabbit blood 5-10%, gentamycin 50 pg/ml pH 7.2-7.4).
The amastigotes form of L. donovani were maintained by serial passage through host hamster. The spleen of the hasmter were dissected out and homogenized in normal saline by passing through a fine wire mesh. The homogenate was made free from particulate matter and was injected intracardially to infect the hamsters. The number of parasite in an organ was estimated by impression smear stained by Geimsa.
Isolation of liver microsomes
Hamsters were killed by decapitation. The liver was dissected out and placed in ice cold buffer (50 mM Tris-acetate, glycerol 20%, EDTA 1 mM and DTT 10 mM pH 7.5) (Buffer A). The washed liver free from blood was suspended in Buffer A (8 ml/g of liver), homogenized, centrifuged at 22000 g for 20 rain. The supernatant thus obtained was again centrifuged at 100000 g for 1 h. The pellet resuspended in buffer (0.3 M phosphate, EDTA 1 mM, glycerol 20%, DTT 10 raM, pH 7.4) (Buffer B) was used for subsequent assay.
Determination of cytochrome P450 and protein content
This was done by the spectrophotometric methods of Omura and Sato (1) and Lowry et al. (2) respectively.
Aniline hydroxylase
Aniline hydroxylase activity (3) was measured by using aniline hydrochloride as substrate in presence of a NADPH regenerating system using glucose-6-phosphate (4 mM), NADP (0.4 mM), gucose-6-phosphate dehydrogenase (4U), aniline hydrochloride (8 mM) and microsomes (protein 4 mg) in buffer B (total volume 1.5 ml). The activity was expressed as in nmoles/min/mg protein.
Aminopyrine demethylase
Aminopyrine demethylase activity (4) was assayed using aminopyrine as substrate. The assay mixture was similar to that used for assay of aniline hydroxylase activity, except aminopyrine was added instead of aniline hydrochloride and additionally semicarbazide hydrochloride (5 mM) was added to the reaction mixture to trap the formaldehyde formed by Nash reagent.
Determination of plasma nitrate/nitrite concentration
The plasma nitrite content was determined after deproteinisation. The plasma (500 pl) was mixed with sulphosalicylic acid (100 pl), vortexed and centrifuged (10,000 g for 15 min). The supernatant was then mixed up with NH4CI and NaOH. This was then passed through copper cadmium column for conversion of NO 3 to NO 2 before addition of Griess reagent for development of colour (5) . The amount of NO 2 formed was calculated by comparing with a standard curve of a sample of nitrite.
RESULTS AND DISCUSSION
It was observed that hamsters infected with 2 x 107 amastigotes had demonstrable parasites in the spleen and the liver on the 7th day following infection. In early stage of the disease the liver parasite burden increased rapidly and reached a maximum by the third week. After that the liver parasite load began to fall and reached a basal level. On the other hand, the spleen parasite load started to rise rapidly after third week of the disease. After an initial lag the spleen parasitemia attained a level well above that of the liver and it continued to rise unabated till death ensued (Fig.l) . It was interesting to note that while the liver weight did not exhibit a very significant increase until about the third week, the spleen weight increased linearly from the early period of the disease. 
L. donawanL
To compare the nature of cytochrome P 45O in the host and the parasite systems the carbon monoxide difference spectra of the host liver microsome and the parasite cell free extract were determined. It was found that the microsomes showed a peak at 417 nm which shifted to 425 nm when reduced with dithionite. The carbon monoxide difference spectra of the reduced enzyme (microsomes) showed a characteristic peak at 450 nm. On the other hand, the cell free extract of the parasite (promastigotes) exhibited a peak at 407 nm in the oxidised state. It shifted to 42.0 nm under reduced condition. The carbon monoxide difference spectra of the cell free extract showed a small but characteristic peak at 450 nm and a large peak at ~,20 nm (Fig.2) . A significant difference between the host and the parasitic cytochrome P45o was the presence of an extra peak at 495 nm in the overlay scan conducted between 600 nm to 350 nm. A similar extra peak was also observed by previous workers (6) 0 The studies on the cytochrome P4~o level following infection revealed that the level of the enzyme fell in the first two weeks of the disease. it was as low as 53.86% of the normal control by the third week of infection, Though the level of the enzyme continued to decrease with the progress of the disease, the rate of decrease was much slower in the later stages. The lowest level recorded before the onset of death was 37.54% of the normal control (Fig.3) . The first rapid phase of decrease in the enzyme level seems to be associated with the increase in the liver parasitemia observed in the early stages of the disease. As the liver parasite load began to fall at the end of the third week, cytochrome P45o level of the liver microsome also showed a decline. It is suggested that parasite burden may be directly responsible for the fall in cytochrome P45o level. Similar correlation between parasite load of the infected animal and the cytochrome P45o level has been reported by Ghatak et al. (7) . Again, though the parasite burden of the liver fell after the third week of infection, the level of the enzyme did not recover but it continued to decrease at a much slower rate. It may be mentioned that the decline in the level of the liver microsomal cytochrome P4~o as a result of leishmanial infection was also observed by Craft et al. (3) in mice.
To ascertain the substrate specificity of the Phase-I enzyme during impairment, the aniline hydroxylase and the aminopyrine demethylase activity of the liver microsome of infected ham- sters were assayed weekly following infection. It was observed that the level of both the enzymes fell during the course of the disease. However, the degree of impairment of aminopyrine demethylase activity was twice as much as that of aniline hydroxylase activity at the end of the 5th week of the !nfection. The aminopyrine demethylase activity was only 12.27% of the normal control at the end of the 5th week following infection while the aniline hydroxylase activity was 32% of the normal control at the end of the 5th week (Fig.4) . This disparity in impairment against different substrates cytochrome P,5o was found to be 62.5% of the normal uninfected control and the level of the enzyme in the infected untreated control was only 42.6% of the uninfected control. Evidently treatment with this drug resulted in only partial reversal of impairment. To further improve the reversal of impairment an immunomodulator, protein A was used along with sodium stibogluconate in treatment of the infected hamsters. It was found that protein A alone resulted in a considerable decrease in the parasitic burden. The liver parasitic burden was found to be 30% and the spleen parasitic burden was found to be 13% of the infected untreated control. The level of the cytochrome P4~o was found to be 72.2% of the uninfected control. The best results were obtained when protein A was used in conjunction with sodium stibogluconate for treatment. Furthermore following combination therapy the liver and spleen parasite burden was 6% and 7% of the untreated infected control. The recovery of the enzyme level was also maximum. The cytochrome P450 level was found to be 98.8% of uninfected control level (Table 1 ). It will be interesting to see the effect of other anti-leishmanian drugs in conjunction with protein A during the treatment.
